(ABSTRACT.) THIS discussion on the clinical significance of the respiratory metabolism will probably be chiefly confined to the so-called basal metabolic rate, i.e., the absorption of oxygen and output of carbon dioxide (respiratory exchange) measured in the morning before breakfast some twelve hours after a light meal taken the evening before. But the discussion is meant to cover a larger field so as to give an opportunity for observers to bring forward results on the changes in respiratory exchange after food or after exercise. There has already taken place this session a very full discussion on exophthalmic goitre,1 the disease which has given rise to most of the work on the basal metabolic rate in recent years. Consequently it may be expected that the present discussion will be carried on chiefly by those who have themselves had actual experience in the technique of the determinations, and the examination of technique may well form part of the discussion. TECHNIQUE.' Direct calorimetry is not used as a clinical method. The methods for indirect calorimetry may be divided into (a) the open circuit method, where air from the atmosphere is breathed through mask and valves and the expired air collected. In this country the Douglas bag is usually employed and the expiratory volume measured by being passed through a gas meter. The method is shortened if a spirometer is used instead of a bag, since the volume of air is measured as it is being collected. The analysis of samples of expired air, for both carbon dioxide and oxygen, is a time-consuming business, but as shown by some observations carried out by Debenham and myself, fairly close agreement of duplicate determinations is often obtained. It must be remembered that the calculation of the absorbed oxygen is complicated by the alteration in volume that the inspired air undergoes during breathing-as pointed out by Haldane. The open circuit method has been used for determining the carbon dioxide alone. Hardly anybody, I think, would follow King, who actually weighs it. The easiest method is to get the patient to breathe directly through first a bottle alnd then a meter with a bag interposed between the two and to take samples from the bottle at intervals. I think everyone must admit that to measure either oxygen or carbon dioxide alone is a second best method, because the double determination provides a valuable check upon one's results and the respiratory quotient can be calculated as well.
(b) Closed Circuit Method.-This is the favourite method where the oxygen alone is determined. A spirometer is' filled with pure oxygen; the carbon dioxide is absorbed in the circuit, and the rate of fall of the spirometer indicates the volume of oxygen absorbed. In Benedict's universal and in his portable apparatus the output of carbon dioxide is obtained by weighing; but this is a fairly lengthy undertaking. Kipping's apparatus is a closed circuit, and after the experiment the absorbed CO2 iS liberated by acid and collected in the same spirometer as contained the oxygen used during the experiment.
Dr. Campbell and I have attempted to combine various principles described by other observers into one new type of apparatus, which will be on view. We claim:
(1) That the results for oxygen and carbon dioxide are obtained during the actual experiment, so that it is possible to be quite certain how constant the metabolism is from 5 mins. to 5 mins., and there is no waste of time with subsequent analysis.
(2) The patient is breathing ordinary air, therefore a preliminary period in which saturation of the tissues with pure oxygen is taking place-as in the Benedict or Krogh's apparatus-is not required. (3) The experiment can be prolonged indefinitely, provided the source of the oxygen is pure. Cylinders often contain too high a percentage of nitrogen, and this must be remembered. The apparatus may be washed through with some oxygen beforehand. Haldane and Douglas advise oxylith. (4) A volumetric tracing of the respiration may be obtained, if it is required.
It may be said that two standards are in general use to obtain the normal figures for any individual. There is the method of calculating the normal metabolism from the body surface, which is obtained from the weight of the individual and his height from the Dubois diagram or a corresponding nomogram. There is Dreyer's formula in which the body weight appears but not the height. So far as one can make out from the description of many observers the body weight of the patient is taken at the time of the experiment, notwithstanding the fact that he may be wasted from disease or over-fat. In the former casethemetabolism is lower than it would be supposing that it had been calculated, using the normal weight of the patient before the disease began. This seems to be wrong, since the patient should be regarded as a physiological unit; but it might be defended in the case of wasted patients from the point of view that the wasting of the disease had diminished the protoplasm of the individual or the surface, and so had diminished the metabolism. To see whether there is any value in this suggestion, I have compared the actual metabolism of Benedict's starving man at the beginning of his fast, during four days in the middle of his fast, and during the last four days of his fast with the values that would have been obtained from Dreyer's formula and the height-weight formula of Dubois. It will be noticed that there is no correspondence between these results, and consequently the weight of the individual when he was healthy, or the predicted weight, should always be used in calculating the metabolism. The only method of predicting the body weight at present is from tables giving Ainley Walker's figures for the body length and Dreyer and Hansen's chest measurements and the corresponding body weights in healthy individuals. Unfortunately the chest measurement is practically of no value when the patient is much wasted or over-fat. Consequently we must fall back upon the body length of the individual to determine what his weight should be, unless he knows himself what it was previously. It would certainly be valuable to have other factors, such as the length of the arms and the legs, from which a more certain value for the predicted weight could be obtained.
CLINICAL SIGNIFICANCE. The variations in basal metabolism in thyroid disease were first of all worked out by Magnus-L6vy, and it is worth while pointing out that this worker established, some twenty years ago, nearly all our present knowledge on the subject of basal metabolism. The clinical significance in thyroid disease may be regarded from two points of view: (1) diagnostic; (2) as indicating the effect of treatment.
On the one hand we have the well-established fact that in hyperthyroidism the basal metabolism is raised, while in cretinism, myxcedema, and the post-operative disease, basal metabolism is lowered. But in using the basal metabolism as a method of diagnosis it must be remembered that certain other conditions, i.e., fever and leukmmia, cause a raised metabolism, whilst starvation, underfeeding and Addison's disease cause a lowered metabolism. A basal metabolism observation may be of value in excluding a hyperthyroidism as a cause of wasting which may have suggested itself as a possibility to the doctor. However, there are certain patients who have well-marked signs of Graves' disease and yet give a normal metabolism. Means calls these border-line cases. In one of my patients the metabolism had been raised about a year previously, but at the present time is normal and certain symptoms still remain. Presumably these are the relics of a previous activity of the gland. As a guide to treatment the basal metabolism is of very great value, not only in cases of exophthalmic goitre but also in determining the right dose of thyroid to give in cretinism and myxcedema.
The observations by various authors on fever are of great interest from the pathological, if not from the clinical, point of view.
It is worth while saying a little on the subject of obesity, because it is probable that in the future respiratory tests will be used more frequently in the treatment of these conditions. Means bas found that the basal metabolism per unit of body surface in obesity is about normal, but this re-opens the discussion of the point already alluded to as to the correct standard of comparison in such cases. If the metabolism of the healthy subject before he became fat is used as a standard, then the basal metabolism of obesity is usually abnormally high, a surprising fact considering that adipose tissue by itself probably has a very low respiratory exchange and that the fatty tissue surrounding the patient also tends to prevent the loss of heat, in spite of some increase in the body surface. An increased metabolism of this kind might be explained as due to an increased intake of food, on the analogy that fasting produces a lowered metabolism; and this theory would certainly be compatible with overeating and under-exercise being the main cause, rather than some endocrine disturbance that lowers the power of combustion which the body normally possesses. However, some observations by Plaut make it possible that in these cases it is not so much the basal metabolism that is at fault, as the so-called specific dynamic action after the intake of food. She claims that after a protein meal is consumed the rise in the respiratory exchange is less than normal. I should also like to refer to some observations by Campbell and myself on the effect of exercise on the respiratory exchange of a patient with severe bronchitis and asthma. We found that the respiratory quotient as the result of exercise was lower than was the case among normal subjects, while the total oxygen intake remained the same; yet treatment with oxygen caused a rise in the quotient to about the normal value. We think there may be some qualitative alteration in the metabolism due to exercise in the patients, who are suffering from chronic oxygen want. Hetzel and Long have found low quotients for exercise in diabetics.
Dr. H. GARDINER-HILL. I will give a brief account of our results in the Medical Unit at St. Thomas's Hospital with the open circuit method of determining the respiratory metabolic rate. During the last five years we have used this method entirely, and followed the technique laid down by Haldane and Douglas. Air from the atmosphere is breathed through mouthpiece and valve, and the expired air collected in a Douglas bag. Subsequent analyses were made in the Haldane gas analysis apparatus.
When we first began making determinations of the basal metabolic rate, we also gave a trial to the closed circuit method, using the Benedict apparatus, but as a result of a number of duplicate experiments with the two methods, we came to the conclusion that more consistent results could be obtained with the Haldane-Douglas bag. There is the additional advantage in this method that it is not necessary to take the patient from familiar surroundings. The expired air can, if necessary, be collected in the patient's home. It also affords more nearly normal conditions as regards the air breathed, and the tubes and apparatus can be more readily cleaned, so that the patient is not so liable to be exposed to infection. This objection, I know, has been frequently over-ruled, but personally I would prefer to breathe through tubes which were kept for purely inspiratory purposes rather than into a closed circuit apparatus.
In the calculation of our results we have employed the Dubois method and used the Dubois height-weight chart for obtaining the body surface. In the case of our ordinary routine examinations, the basal metabolism has been worked out on the observed weight at the time of experiment. CLINICAL SIGNIFICANCE.
We have made between three and four thousand determinations of the basal metabolism during the last five years in various endocrine disturbances and other cases, and, as a result of this experience, we have come to the conclusion that basal metabolic investigations per se are of little clinical value, except in the case of thyroid disturbance. Here they have prcved of unquestioned value, especially in doubtful cases. I will discuss this more fully later, and refer to certain groups of patients in whom a low basal metabolic rate has suggested a subthyroidic factor, and who have subsequently benefited from thyroid treatment. But it has seemed to us that in so far as the ductless glands are concerned with basal metabolism, the thyroid plays by far the most prominent part, and practically dominates the whole picture. At least, that is how we have interpreted our results. I will first, however, mention some results of basal metabolic investigations in other than thyroid cases.
In gross cases of pituitary disturbance, apart from cases of pituitary obesity, there does not appear to be any very definite alteration of the basal metabolism. In five cases of pituitary tumour without glandular signs, the basal metabolism was within the normal limits in four, and -22 per cent. below in the other. In six cases of acromegaly the basal metabolism was within the normal limits in two, slightly above the normal limits in two (+ 20 per cent.), and slightly below the normal limits in the other patients, one of whom had a large goitre. In cases of adolescent obesity of the pituitary
